This retrospective cohort study was conducted at nine Korean hospitals. All consecutive patients aged >18 years who presented with new-onset fever and had a documented SFTS virus infection between May 2013 and August 2015 were included in the study. SFTS virus infection was confirmed by reverse transcription polymerase chain reaction, which was performed according to a standardized protocol at the Korean Center for Disease Control and Prevention. 7 Implementation of therapeutic modalities including PE was determined according to the clinical judgment of the responsible physician(s). PE was performed using fresh-frozen plasma as a plasma substitute: the volume given was determined in accordance with the patient's height, weight, and hematocrit level. Data on demographics, comorbidities, clinical features, laboratory findings, severity indices of illness, treatments, and outcomes were collected by reviewing the patients' medical records. Comorbidities included cardiovascular, pulmonary, hepatobiliary, connective tissue, neuromuscular disorders, malignancy, immunosuppression, Including 1) heart rate >90 beats/min, 2) respiratory rate >24 breaths/min, 3) temperature >38°C or <36°C, or 4) white blood cells >12000/μL, <4000/μL, or band formation >10%. and diabetes mellitus. The primary outcome was in-hospital mortality. Secondary outcomes included 30-day survival and the length of intensive care unit (ICU) or hospital stay.
Continuous variables were compared using Student's t-test, the Mann-Whitney U-test, or the Kruskal-Wallis test. Categorical variables were compared using Pearson's χ 2 test or Fisher's exact test. The Kaplan-Meier method was used to estimate the cumulative probability of survival in SFTS patients, and the log-rank test was employed to compare 30-day survival between treatment groups. To identify risk factors associated with 30-day mortality, univariate and multivariate analyses were performed using a Cox proportional hazards model, and the results are presented as hazard ratios (HRs) and 95% confidence intervals (CIs). IBM SPSS Statistics version 22 (IBM Corporation, Somers, NY, USA) was used for all statistical analyses. Two-tailed p values <0.05 were considered to indicate statistical significance.
A total of 53 patients confirmed as having SFTS virus infection between May 2013 and August 2015 were included: 24 (45.3%) PE cases and 29 (54.7%) non-PE cases (Table 1) . At the time of initial presentation, chills, fatigue, and myalgia were more common in the non-PE group (all p<0.05), whereas the mean white blood cell count was lower in the PE group (p=0.039). There were no significant differences in other baseline characteristics between the two groups. In the PE group, the median interval from symptom onset to implementation of PE was 6 days (range 3-18 days). The median volume of plasma substitute was 2491 mL/session (range 815-8238 mL/ session), and the median number of PE sessions was three (range 1-5). The overall in-hospital mortality rate was 32.1% (17/53). Multiple organ failure (8 cases) was the most common cause of death, followed by shock (3 cases), acute coronary syndrome (2 cases), hemorrhage (1 case), and other causes (3 cases). The in-hospital mortality rate did not differ between the PE and non-PE groups [29.3% vs. 34.5%, relative risk (RR) 0.846, 95% CI 0.380-1.883, p=0.680]. Survival did not differ between the PE and non-PE groups (mean survival time 24.0 days vs. 22.6 days, p=0.622 by log-rank test) (Fig. 1A ). There were no significance differences in the length of the ICU or hospital stay (p=0.281 and 0.680, respectively).
Of the 24 PE cases, 16 (66.7%) were treated with PE within 7 days of symptom onset (early PE group), and eight (33.3%) were treated with PE after 7 days of symptom onset (late PE group).
Comparison of the early PE and non-PE groups revealed that the latter was more likely to have one or more comorbidities or fatigue (all p<0.05). There were no significant differences in other baseline characteristics between the early PE and non-PE groups (all p>0.05). The in-hospital mortality of the early PE group did not differ from that of the non-PE group (6.3% vs. 34.5%, RR 0.181, 95% CI 0.026-1.291, p=0.067). The early PE group survived longer than the non-PE group (mean survival time 28.4 days vs. 22.6 days, p= 0.044 by log-rank test) (Fig. 1B) .
In the multivariate model adjusted for several baseline characteristic and PE implementation as a whole, an increased risk of 30-day mortality was associated with older age (adjusted HR 1.104, 95% CI 1.014-1.203, p=0.022) and a higher Acute Physiology and Chronic Health Evaluation (APACHE) II score (adjusted HR 1.356, 95% CI 1.071-1.717, p=0.011) (model I in Table 2 ). In the multivariate model adjusted for several baseline characteristics and early and late implementation of PE, older age (adjusted HR 1.187, 95% CI 1.045-1.349, p=0.009), a higher APACHE II score (adjusted HR 1.600, 95% CI 1.179- Fig. 1 . Comparison of 30-day survival between treatment groups. (A) PE group vs. non-PE group. There was no significant difference in 30-day survival between the two groups (mean survival time 24.0 days vs. 22.6 days, p=0.622 by the log-rank test). (B) Early PE group vs. non-PE group. Survival was longer in the early PE group than in the non-PE group (mean survival time 28.4 days vs. 22.6 days, p=0.044 by the log-rank test). PE, plasma exchange. Table 2 ).
The clinical course of SFTS can be divided into three stages: fever (1-7 days after symptom onset), MOD (7-13 days after symptom onset), and convalescence. 8 A cytokine-mediated inflammatory response has been shown to play an important role in the pathogenesis of SFTS. 9, 10 In particular, SFTS virus infection triggers a cytokine storm during the early stage of illness, which can cause disease progression to MOD.
11 PE can restore homeostasis in patients with sepsis by removing harmful substances (e.g., inflammatory cytokines) and by replacing deficient blood components (e.g., coagulation factors), when fresh-frozen plasma is used as a plasma substitute. 12 We hypothesized that PE could modulate the cytokine storm during the early stage of SFTS, preventing progression to MOD and thereby leading to favorable outcomes. This was why PE cases were subdivided into early PE and late PE groups. According to multivariate analyses in the present study, PE implementation (as a whole) was not associated with mortality, whereas early PE implementation was identified as an inverse risk factor for mortality. This finding suggests that PE may play an important role in the early stage of illness, which can maximize its survival benefits in SFTS patients.
Several SFTS cases who were successfully treated with PE have been reported in Korea. [13] [14] [15] There is no consensus yet on whether PE can improve the clinical outcomes of SFTS patients, in whom PE should be implemented, or when PE should be initiated. The present study aimed to answer these questions. In the present study, PE implementation exerted no favorable effect on in-hospital mortality or 30-day survival rate. In the subgroup analyses, early PE cases showed a longer survival than non-PE cases (p=0.044). Because of the small sample size, however, the significant difference in survival time was no longer apparent after correcting for multiple comparisons between subgroups. In addition, the present study was retrospective and non-randomized in nature; thus, it may have been affected by selection bias. The presence of one or more comorbidities was more common in the non-PE group than in the early PE group. In addition, the mean age of the non-PE group was slightly higher than those of the PE and early PE groups, although the difference was not significant. Such minor differences in baseline characteristics between subgroups may have affected the clinical outcomes. Finally, as PE implementation depended entirely on the clinical judgments of the attending physicians, cases with self-limiting SFTS may have been included in the PE or early PE group.
In summary, the results of the present study highlighted an inverse association between early PE implementation and 30-day mortality, which may provide rationale for the early use of PE in SFTS patients. To overcome the limitations of the present Including 1) heart rate >90 beats/min, 2) respiratory rate >24 breaths/min, 3) temperature >38°C or <36°C, or 4) white blood cells >12000/μL, <4000/μL, or band formation >10%.
